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Physiological Concepts Behind

Neurally Adjusted Ventilatory Assist (NAVA)
and Non-Invasive NAVA (NIV-NAVA)

Jennifer Beck, PhD
Keenan Research Center at the Li Ka Shing Knowledge Institute of
St. Michael's Hospital, Toronto
Department of Pediatrics, University of Toronto
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e Jennifer.beck@rogers.com
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Neural Control of Artificial Muscles

Jan 2010 Time Magazine Jan 2008 (European Ed)



Neurally Controlled Mechanical
Ventilation
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Unique Features about Infants

Surfactant deficiency
and compliant chest wall
make that the lung has a
tendency to de-recruit

Strong vagal reflexes
Apnea of prematurity

Uncuffed ET tubes

“Maggie” 500 g at birth (with permission from the parents)



Breathing is Neurally Regulated
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Principles and Practice of Mechanical Ventilation, M Tobin Ed. 2012



General Principles of NAVA

Sinderby & Beck, Neurally Adjusted Ventilatory Assist in
Principles and Practice of Mechanical Ventilation, Third Edition
Editor: Tobin MJ, McGraw-Hill Medical 2012



EMG of Skeletal Muscle

“EMG”

Principles and Practice of
Mechanical Ventilation, M Tobin Ed.
2012



EMG is the Neural Drive to the Diaphragm
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How to Measure Diaphragm EMG in
Humans?



Modified Feeding Tube



Electrode Positioning

* NEX

* Calculate prediction

* |[nsert to prediction

* Positioning window (verification)
e Secure and record final position

Validation studies:

Barwing, ICM (2009); Green, Respir Care (2011); Barwing, ICM (2011); Duyndam, Nursing in Crit
Care (2013); Stein, J Perinatology (2013), Vignaux, PCCM, In Press (2013)



EMG to Edi Waveform
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Principles and Practice of Mechanical Ventilation, M Tobin Ed. 2012



Edi waveform
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Edi in Infants and Adult

Principles and Practice of Mechanical Ventilation, M Tobin Ed.



Healthy

COPD

Post-polio

Healthy
EAdi (%) Vt(l)

COPD

PPI

Vi (1)

EAdi (%)

Vi (1)

EAdi (%)

10s

Time (s)

yeak

*Reduced level of assist
*Increased Respiratory Load
*Weakness of Diaphragm
*Increased CO2

Reduced sedation



Published Edi, (on Servoi)

Catheter size |Condition |Mean Edipk |Lowest Highest # studies |# patients
(uv) mean value [ mean
Edi pk (uV) [value Edi
pk (uv)

16 Intubated |[10.4 4 15 16 204

on NAVA
16 NIV-NAVA [19.2 11 33 4 53
8 Intubated (9.1 5 11 4 44

on NAVA
8 NIV-NAVA |27 20 34 2 15
6 Intubated [9.4 7.4 11.4 3 47

on NAVA
6 NIV-NAVA 0
6 No assist 11 10 16 1 3 (healthy)
ALL 13.8 4 34 34 507

Revised June 9, 2013




Edi

min

Emeriaud et al, Ped Res, 2006

*De-recruitment below FRC

Liquid/edema in the lung
«??



Type 4,
phasic
with
tonic

Type 2, phasic no tonic

N =10

Mean weight = 1400 g
Mean age = 8 days
GA at birth: 31 wks
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N=10

Mean weight = 1400 g
Mean age = 8 days
GA at birth: 31 wks



Edi and Patient-ventilator Interaction
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Slide Courtesy of H Stein, Toledo Children’s Hosp.



N =14
Mean weight = 3.9 kg
Mean age = 2.3 mos



Excellent Reference on Edi Monitoring

Hindawi Publishing Carporation
Critical Care Research and Practice
Wolume 2013, Article D 384210, 7 pages
http:HdX.doi.orgflO.1155f2013J384210

Review Article

Interest of Monitoring Diaphragmatic Electrical Activity in
the Pediatric Intensive Care Unit

Laurence Ducharme-Crevier, Geneviéve Du Pont-Thibodeau, and Guillaume Emeriaud

Pediatric mtensive Care Unit, CHU Sainte-Tustine, Université de Montréal, 3175 Chemin de la Cdte Sainfe-Catherine,
Montreal, QC, Canada H3T ICH

Correspondence should be addressed to Guillaume Emeriaud; guillaume.emeriaud@umontreal.ca



Edi and Controlling Mechanical
Ventilation: NAVA

Upper pressure limits
Backup ventilation

Principles and Practice of Mechanical Ventilation, M Tobin Ed. 2013



NAVA is an Artificial Respiratory
Muscle
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NAVA |
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NAVA improves synchrony (810 g)
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Neurally adjusted ventilatory assist improves
patient-ventilator interaction in infants as compared with
conventional ventilation

Alice Bordessoule!, Guillaume Emeriaud’, Sylvain Morneau’, Philippe Jouvet' and Jennifer Beck??

W

o
—

N=10

Mean weight = 4.3 kg
Mean age = 2 mos
GA at birth: 26 wks



e 22 studies (PUBMED) in 305 patients of all
ages have shown that NAVA improves
synchrony compared to conventional
ventilation modes

* 19 studies in 291 patients of all ages report
improved or equivalent physiological
parameters



Impact of improved synchrony with
NAVA (vs. Conv)

* Improved sleep (Delisle 2011)

 Improved COMFORT (less distress) (De Oliva 2012)

* Less central apnea (Mally 2013 PAS 2013; Delisle 2013)
 Tendency for less sedation (Allander 2013, ESPNIC 2013)

e Equivalent or improved blood gases (n>5 for improvement,
rest equivalent when measured)

* More efficient ventilation (less P required) (n>13 studies)

e Less work of breathing to trigger (Spahija 2010, Clement
2011)

* Improved variability of delivered assist and Vt (n=>3)
* Improved lung aeration (Blankman 2013)



NAVA Can Prevent Over-Assist
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e 7 studies in 100 patients show down-regulation of Edi with
increasing NAVA

* 14 studies in 201 adults on NAVA show mean Vt 6.9 ml/kg, rr
24 bpm

e 13 studies in 197 infants on NAVA show mean Vt 6.3 ml/kg, rr
45 bpm



Factors Affecting NIV

e Controller signal for patient-
ventilator synchrony

* |nadequate (pneumatic)
monitoring

LEAKS!

* Properties of interface
> — Masks and prongs (leaks)
/ — Prongs (resistance)

* Leaks and pressure delivery

LEAKS! , .
* Upper airways (protection

and control of FRC)

From Principles and Practice of Mechanical Ventilation, ed. M Tobin, 2012
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NIV-NAVA in the preterm
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Beck et al, 2009 Ped Res



Proportionality between patient effort and
ventilatory assist

NAVA intubated NIV-NAVA

PSV intubated PSV+VG intubated

Beck et al, Ped Res 2009



N= 13 Adult ICU (incl 2 COPD)
20 min NIVONAVA, 20 MIN NIV PSV
Mask




PCCM, In Press, June 2013

N=6

Consecutive, requiring NIV for ARF
Age: 18 mos

Weight: 8 kg

Mask (4) or prongs (2)



Effect of nasal prongs on
- pressure delivery (n=10)

Beck et al (ATS 2010)



Pharyngeal pressure in preferm infants receiving nasal
continuous positive airway pressure
A G De Paoli, R Lau, P G Davis, C J Morley

-------------------------------------------------------------------------------------------------------------------------------

Arch Dis Child Fetal Neonatal Ed 2005:90:F79-F81. doi: 10.1136/ade.2004.052274

N= 11 preterms
Binasal Hudson prongs
Bubble cpap



Upper Airways
Role:

* Humidification

* Speech

* Swallowing

* Airway protection

* Airway dilation for inspiration

* Braking of expiratory flow to
maintain EELV

Maquet Clinical Image Collection



Timing of Activation of Upper Airways

Chest wall muscles

Diaphragm
)

2" Paraslernal intercostal

£
N

(D)
3d Dorsal external intercostal
] Al

Upper airway dilation
0% 100%

Inspiratory Time

0% 100%

0% 100%
Inspiratory Time Inspiratary Time
Upper airway muscle
(F)
Genioglossus inspiratory and expiratory

——
0% 100% 0% 100%
Inspiratory Time Expiratory Time

Butler Respir Physiol Neurobiol 2007

Principles and Practice of Mechanical Ventilation, M Tobin Ed.



Larynx and NIV

* Larynx = a closing
valve

 Original function = to
defend the lower
airways against
potentially harmful

Intruders

Larynx

O~




Important Laryngeal Muscles

(dilator)  Back




NAVA max

PSV 20/4

CPAP 4

CPAPOD

T e ) T
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constrictor
Glottal
dilator

Glottal



Summary

The Edi is a physiological signal representative of central respiratory output

The Edi is normally present in spontaneously breathing subjects. The waveform has a
characteristic cyclic/phasic pattern with quantifiable measures of amplitude and timing.

The Edi is essentially a vital sign, just like the electrocardiogram.

With Edi monitoring, clinicians can answer these questions:
— Is my patient breathing?
— Is my patient synchronous with the ventilator?
— Is my treatment/intervention helping?
— Isit a central or obstructive apnea?

NAVA provides synchronized and proportional assist (invasive and non-invasive)

Ventilator becomes a second respiratory muscle and is therefore a slave to the patient’s
own protective reflexes and control of breathing responses



